The objective was to assess the performance of the SF-36 health survey (SF-36) in a sample of patients with rheumatoid arthritis (RA) stratified by functional class. The eight SF-36 subscales and the two summary scales (the physical and mental component scales) were assessed for test-retest reliability, construct validity and responsiveness to self-reported change in health. In 233 patients with RA, the SF-36 scales were: reliable (intra-class correlation coefficients 0.76-0.93); correlated with American College of Rheumatology (ACR) core disease activity measures [Spearman r = −0.12 (erythrocyte sedimentation rate) to −0.89 (Modified Health Assessment Questionnaire)]; and responsive to improvements in health (standardized response means 0.27-0.9). The distribution of scores on four of the eight subscales (physical function, role limitations-physical, role limitations-emotional and social function) was clearly non-Gaussian. Very marked floor effects were noted with the physical function scale, and both ceiling and floor effects with the other three subscales. The two SF-36 physical and mental component summary scales are reliable, valid and responsive measures of health status in patients with RA. Six of the eight subscales meet standards required for comparing groups of patients, and the physical function and general health scales may be suitable for monitoring individuals. The two scales measuring role limitations have poor measurement characteristics. The SF-36 pain and physical function scales may be suitable for use as patient self-assessed measures of pain and physical function within the ACR core disease activity set.
T is an emerging consensus in health care that outcomes in a busy clinical setting. The SF-36 contains 36 items and measures health across three domainsclinical decisions should be based, as far as possible, on evidence that the care provided is cost effective.
functional status, well-being and overall evaluation of health-using eight separate scales ( Table I ) . Each Whether in the context of a clinical trial, as part of a routine programme of audit, or in the management of scale generates a score from 0 to 100, with a high score indicating better health and a low score indicating individual patients, evidence-based clinical decision making will require condition-specific and generic worse health. However, the SF-36 may also be converted to two summary scales: the physical and mental measures of health outcome that are reliable, valid, responsive to clinically significant changes in health component summary scales [8] . These summary scores over time and, above all, quick and easy to administer in clinical settings across a wide spectrum of diseases and conditions [1] [2] [3] . We have been evaluating the performance of three different generic instruments-a health profile, the Number Number of SF-36 [2] , a combined profile and utility measure, of items scale levels the EuroQol [4] , and an individual patient-centred I Functional status measure of quality of life, the Patient Generated Index (a) Physical functioning 10 20 [5]-in patients with rheumatoid arthritis (RA). In (b) Social functioning 2 10 this paper, we present our findings on the performance (c) Role limitations attributable to 4 5 of the SF-36. The performance of the EuroQol in the physical problems same study population has been reported previously (d ) Role limitations attributable to 3 4 emotional problems [6 ] . health status questions used in the RAND Corporation (c) Pain 2 10 III Overall evaluation of health study of health insurance in the USA [7] . It was health now with that 1 yr ago, is not included within these eight scales. Correspondence to: D. Ruta. may be computed as T or z scores to facilitate shown that SF-36 data reduce to two summary dimensions: a physical and mental component summary. comparison with published population norms.
The SF-36 has been compared with conditionPublished factor score coefficients [8] were applied to these data to calculate a z score for these two dimenspecific measures in patients undergoing total hip replacement [9, 10] . Katz et al. [9] found the SF-36 to sions to enable comparison with published population norms [19] . In z score notation, scores are transformed be equally responsive to change as the shortened Arthritis Impact Scales and the Modified Health to give a population mean = 0 and standard deviation (s) = 1. The individual's score is then represented by Assessment Questionnaire, while Dawson et al. [10] drew similar conclusions in a study comparing the the number of s above or below the population mean. SF-36 with the Oxford and Charnley Hip Scores. Preliminary evidence is emerging for the validity, reliAssessing reliability Controversy exists over the relative merits of internal ability and responsiveness of the SF-36 in patients with RA [11] [12] [13] . In the study reported here, we have tested consistency and test-retest methods of assessing reliability [20, 21] . Recent work on reliability with the SF-36 further the validity, reliability and responsiveness of the SF-36 in a sample of patients with RA stratified produced similar results for most SF-36 scales regardless of which approach was used [22] . In this study, by functional class, by comparing its performance with the ACR core disease activity set of outcome measures.
reliability was assessed using test-retest methods. The difference in scores between two administrations We chose a stratified sample, rather than a random sample of out-patient attenders, to ensure that the of the questionnaire separated by a 2 week time interval, in those patients reporting that their arthritis performance of SF-36 could be tested across a wide range of disease severity and duration.
and overall health had remained the same during this time, was calculated for the SF-36. The standard PATIENTS AND METHODS deviations of within-subject differences over time were used to calculate the size of score differences detectable A sample size of 240 RA patients [14] was selected on the basis that a relationship between any two with repeated measurements in an individual patient, with 95% confidence. In addition, the intra-class cormeasurements would be detected at the 5% significance level if their true correlation was >0.2, with an 80% relation coefficient [20] permits a comparison of the study findings with our previously published data on power, and that a 20% drop-out rate would occur. The sample was stratified by functional class [15] to obtain the reliability of ACR measures from the same patient population [6 ] , and published estimates of SF-36 relia broad cross-section of disease severity. To achieve this, recruitment of consecutive patients into each ability for conditions other than RA. Goodman and Kruskal's kappa was used to measure reliability in functional class continued until 60 patients had been entered in each class.
those scales with ordinal characteristics. The reliability coefficient ranges from perfectly reliable = 1 to com-ACR core disease activity measures performed included the Stanford Modified Health Assessment pletely unreliable = 0; a coefficient exceeding 0.5 is considered acceptable when a measure is used to Questionnaire (MHAQ) [16 ] Assessing validity The construct validity of the SF-36 as a measure of assess mood. Patients were asked to report co-existing medical conditions and drug side-effects, and at followhealth status in patients with RA was assessed in several ways. First, we compared patients' scores on up were asked: 'Compared to 3 months ago is your arthritis better, the same or worse?'. The study received each of the eight SF-36 scales with their scores on the ACR core disease activity measures and the HAD. ethical approval and all patients gave written consent.
Secondly, the physical and mental health summary scores were compared between patients according to
Statistical analysis
Where the distribution of instrument scores was gender, early vs late disease, presence or absence of co-morbidity or drug side-effects and rheumatoid non-normal and the level of measurement clearly ordinal, non-parametric methods were used for statistfactor positivity. Finally, because all of these variables are closely inter-related, stepwise multiple regression ical analysis. Where appropriate, median and interquartile ranges are presented as well as means and was used to model the relationship between the SF-36 scales, all other condition-specific measures, and other standard deviations. Parametric statistics were otherwise used as indicated in the text. Change scores for clinical and sociodemographic variables simultaneously. If the SF-36 is a valid measure of health status all instruments were normally distributed. Linear stepwise multiple regression was used to explore which in rheumatoid patients, one would expect the relevant condition-specific measures and other variables to enter variables best predicted SF-36 scores; plots of residuals from these equations were normally distributed.
the regression models in a consistent fashion, i.e. the clinically important variables should remain in the Using principal components analysis [8] , it has been model when data are analysed separately at baseline RESULTS and 3 month follow-up. Construct validity was also Patient characteristics assessed by investigating the relationship between A total of 245 patients were identified for recruitment patients' scores on the SF-36 scales and their functional ( Table II ) [6 ] , of whom 12 declined to take part and class as defined by the American Rheumatism 233 (95%) were recruited to the study. At 3 month Association. Published data [19] were used to make follow-up, 223 (96%) were available for review, four comparisons with the general population.
had died and six had withdrawn because they were too ill or unwilling to continue.
Assessing responsiveness to change
A standardized response mean (SRM ) [6, 25] was Distribution of SF-36 scores calculated for each SF-36 scale in the group of patients
The distribution of scores for each scale ( Fig. 1 ) and reporting improvement in arthritis over a 3 month the percentage of patients with scores on the floor or period. These are compared directly with SRMs for ceiling of each scale are shown ( Table III ) . As reported the ACR disease activity set and EuroQol previously previously [12] , several scales-the 'role limitationsreported for the same group of patients [6 ] .
physical', 'role limitations-emotional' and 'social function'-are non-Gaussian. This is not surprising since 37 (29) 55 (33) 39 (20) 22 (15) 22 (25) 6 1.7
General health
44 (23) 41 (41) 67 (32) 41 (37) 27 (19) 35 ( (24) 40 (40) 58 (30) 40 (35) 25 (26) 23 ( 63 (63) 88 (25) 63 (50) 38 (38) 25 ( (20) 72 (28) 80 (20) 76 (24) 62 (29) 64 ( the physical function scale would probably follow a mental health scales show a similar significant trend from class I to III (P = 0.0000; KW test), but no more normal distribution.
Transformation of SF-36 scores into physical and significant difference between classes III and IV. The z scores for the summary scales show very large mental component summary scores, expressed as z scores, gave distributions which were nearly Gaussian differences between RA patients and the general population, but again do not discriminate between funcand did not show marked floor or ceiling effects ( Fig. 3) . The distribution of scores for each functional tional classes III and IV ( Table III ) . Mean (s) values are shown for each subscale simply to allow some class was also reasonably Gaussian, although the scores for class 4 still showed a tendency to skew towards the comparison with published normative data [19] ; however, given the non-Gaussian distribution of several floor of the scale (Fig. 4) .
The scores for the SF-36 scales are summarized in subscales, these data should be treated with caution. Table III . The mean and median scores for the whole population are fairly similar for each scale, except the Reliability Intra-class correlations were calculated for the phys-'role limitations-physical', 'role limitations-emotional' and 'social function'. The median SF-36 scores for ical function, mental health, pain, energy and general health scales. Reasonably high coefficients were each of the eight scales vary with functional class. There is a statistically significant deterioration in obtained for each of these scales, which may be sufficient to allow these scales to be used with individuals median scores for the physical function scale from functional class I to IV [P = 0.0000; Kruskal-Wallis ( Table IV ) . The final column of Table IV indicates the size of any 'true' SF-36 score difference detectable ( KW ) test]. The pain, energy, general health and between two administrations of the questionnaire to an individual patient, with 95% confidence; these estimates range from moderate score differences of ± 20.7 (general health) to very large differences of ± 33 (pain). Thus, changes of the order of 20-30% of the scale can be detected in an individual with this level of confidence, although these estimates are not applicable to subjects with scores near the floor or ceiling of the scale. Goodman and Kruskal's kappa was calculated for the remaining three scales (social function, role limitations-physical and role limitations-emotional ), which are clearly ordinal in nature. The values for kappa are low, indicating poor test-retest reliability.
The intra-class coefficients were also calculated for the SF-36 physical and mental summary scores. The coefficients for the former are high, indicating good reliability, but again only relatively large changes in score can be detected with 95% confidence ( Table IV and Fig. 3) .
The intra-class correlation coefficients for some of the SF-36 scales measuring physical functioning (0.93) and pain (0.76) compare favourably with those previously reported for the corresponding MHAQ (0.92) and pain VA (0.75) scales [6 ] . The HAD scale has a much higher reliability estimate (0.94) [6 ] than the SF-36 mental health scale (0.78).
Validity
The Spearman rank correlation coefficient matrix ( Table V ) shows correlations between conditionspecific measures of impairment and the eight SF-36 scales ranging from −0.12 ( ESR vs SF-36 mental health) to −0.53 (tender joint score vs SF-36 pain), and generally higher correlations between conditionspecific measures of disability and the SF-36 scales of −0.29 (patient-assessed disease activity vs SF-36 mental health) to −0.89 (MHAQ vs SF-36 physical function). The SF-36 physical and mental summary scores also correlate more strongly with measures of and disease process. Scores for both the physical and between 76 and 86% of the variance in the SF-36 physical and mental component summary scales, and mental health summary scales were significantly better for those with disease of <5 yr duration, who reported the regression equations also remained remarkably stable at the 3 month follow-up ( Table VII ) . no co-morbidity or side-effects, were seronegative or had no joint erosions, but were not significantly different between males and females ( Table VI ) .
Responsiveness to change The number of patients reporting improvement or These relationships between the SF-36 scales and the condition-specific measures and other factors, such as worsening of arthritis at 3 month follow-up in each functional class is shown ( Table VIII ) . As might be co-morbidity, are consistent with the hypothesis that the SF-36 is a valid generic measure of health status.
expected, fewer patients in class III or IV reported improvement compared with class I or II. In general, Using forward stepwise regression ( Table VII ) , the following independent variables-the MHAQ, HAD, the magnitude of change reported both by the SF-36 scales and the condition-specific measures of disease disease activity, VA-pain and joint tenderness scales, together with age, years in full education, drug sideactivity [6 ] was less in patients reporting worsening compared to those reporting improvement effects, duration of arthritis, and co-morbidity-were able to explain a substantial proportion of the observed ( Table VIII ) ; this difference probably reflects a larger biological change in 'improvers' rather than a differvariation in five of the SF-36 scores. The regression coefficients for these scales are shown and the clinically ence in instrument sensitivity. In patients reporting improvement, only the SF-36 pain scale has an SRM important variables remained in the model at 3 month follow-up ( Table VII ) . Similarly, the MHAQ, HAD, > 0.8, representing large clinical change. Moderate clinical change, i.e. SRMs between 0.5 and 0.8, was disease activity, VA-pain and co-morbidity explained All correlation coefficients are significant at P < 0.0001, except for the value with an asterisk which denotes P = 0.006.
found for two scales: SF-36 physical function and -emotional scales were higher and clearly increased with functional class. The non-completion rates for SF-36 energy. The remaining SF-36 scales reported SRMs between 0.2 and 0.5, representing small to these two scales were also higher for patients of age over 60 yr. Females had higher non-completion rates moderate change. The SF-36 physical summary scale is moderately responsive with an SRM of 0.61. than males in the role limitations-physical and general health scales, otherwise there were no major differences.
Missing data
Non-completion rates are shown in Table IX . DISCUSSION When examined according to functional class, noncompletion rates for six of the SF-36 scales (physical The SF-36 health survey has been advocated as a generic measure of health status with potential for functioning, bodily pain, general health, energy, social function and mental health) were 5% or less. Nonwidespread application within the US and UK health care systems. Jenkinson et al. [26 ] have shown that completion rates for the role limitations-physical and the performance of the SF-36, in terms of its psychomeasurements on the same (stable) subject would be >20 (scale 0-100) for 5% of pairs of observations metric and clinical validity, may be affected by the clinical context or patient group in which it is applied, and, as indicated above, these estimates will not be applicable to subjects whose scores lie near the ceiling and that satisfactory performance cannot be guaranteed for all groups of conditions. There is some evidor floor of the scale. If an intra-class coefficient >0.9 is used as the gold standard for reliability, the SF-36 ence to suggest that the SF-36 performs at least as well as certain more established condition-specific instruphysical function, general health and the MHAQ and HAD scales may be reliable enough to monitor indiments in patients undergoing hip replacement [6, 11] , and more recent studies also provide evidence for the viduals over time.
Our study provides good empirical evidence that most validity [11, 12] and responsiveness [13] of the SF-36 in patients with RA. Our study provides a comprehensof the SF-36 scales represent health dimensions which are regarded as relevant to patients with RA. This was ive assessment of test-retest reliability, validity and responsiveness in this group of patients, and allows a demonstrated by a consistent and predictable relationship between the SF-36 and disease-specific measures of direct comparison of the SF-36 with the performance of the ACR core disease activity set tested under the impairment and disability. These relationships were confirmed by the regression models at baseline and 3 same conditions [6 ] .
The stratified method of sampling used here illusmonth follow-up. Although the models were not entirely stable over time, the clinically most important variables trates how the distributions of the eight subscale scores vary with increasing disability, but in an unselected remained in the model at 3 months. A comparison of SF-36 physical function scores across the functional typical out-patient population the scores are likely to be more normally distributed. However, because of categories and the general population provided further evidence of construct validity for the SF-36 in RA. the ceiling and floor effects observed in classes I and IV, the scales should be used with caution in such Median scores on the physical functioning scale decreased significantly with increasing functional class, patients. These problems are much less apparent with the physical and mental component summary scales.
but the remaining SF-36 scales discriminated poorly between functional categories III and IV. In part, this Regardless of the method used to assess reliability, our findings show that except for the social function probably reflects the brevity of some of these scales and the presence of a 'floor effect'. However, neither the and role limitations (physical ) scales, the SF-36 scales meet the reliability standards required of a measure SF-36 physical summary nor the mental summary scale distinguished between categories III or IV, suggesting when used to compare groups of patients. SF-36 scales compare favourably with the more widely used MHAQ that when measured in broader terms, there is little difference in overall health status between patients in and VA-pain scales [6 ] , respectively. However, the HAD [6 ] , a 14-item scale which is widely used in the these two categories despite the apparent difference in the specific area of physical function. UK, was found to offer advantages over the five-item SF-36 mental health scale in terms of reliability. If the The ability to detect clinically important change is an essential requirement of any instrument purporting aim of outcome assessment is to monitor change in an individual patient over time, our findings suggest that to measure health outcomes, and thus evaluate treatment. Condition-specific measures, because of their the SF-36 scales have the precision to detect moderately large changes in perceived health. For example, on the narrow focus on symptoms and signs, are often considered to be more responsive to small yet clinically four most reliable scales, the difference between two 85.9*** ***P < 0.001; **P < 0.01; *P < 0.05; ns, not significant.
parisons to those scales measuring similar health con- found to be much less responsive than the HAD [6 ] .
Disease activity (physician) ns −5.9**
The remaining SF-36 scales appear to be responsive to physical problems difficult to interpret because of their transitional nature, i.e. they enquire about changes in the levels of functional well-being during the last month. Patients with long-standing severe disability significant changes in health over time [27] . Yet our data suggest that generic and specific measures [6 ] are are less likely to report that they have 'cut down on the amount of time spent on work or other activities', fairly similar in their responsiveness to change. If the size of the SRM is taken as a measure of respons-'accomplished less', or 'felt limited in the kind of activities undertaken in the last month'. These limitaiveness, without specifying the nature of any observed change, then physician-assessed disease activity [6 ] tions to their daily activities will have developed over a long time period. Also, as the result of a prolonged emerges as the most responsive measure of change. However, comparison of the SF-36 results with those process of adaptation and adjustment of their expectations, some patients may no longer perceive themselves for ACR disease activity measures and EuroQol [6 ] shows that four SF-36 scales (pain, energy and fatigue, as limited in their role functioning. The observed discrepancy between median SF-36 scores for the role social functioning, and physical functioning) appear amongst the 10 measures with the highest observed limitations attributable to the physical problems scale and the physical functioning scale observed amongst SRMs. It is perhaps more meaningful to restrict com- patients in functional class IV is probably attributable disability or handicap; the purpose of measurementdiscrimination, prognosis, or treatment evaluation; and to these difficulties in interpretation, and the fact that the role limitations scale has many fewer items and the application of the measure-patient management, audit, or clinical research. Our results suggest that the shows marked floor and ceiling effects. A better understanding of the way in which patients with RA interpret SF-36 may provide complementary information on perceived health status for use in clinical trials and and respond to this scale is required before it can be used with confidence in this group of patients.
audit. Also, our findings suggest that the SF-36 physical function and pain scales could be used in place of The choice of outcome measure in health care will be determined by three key considerations: precisely two of the existing measures (the MHAQ and the VA-pain scales) in the ACR set without loss of reliabilwhat aspect of health status or Health Related Quality of Life (HRQL) one is trying to measure-impairment, ity and responsiveness.
